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COMPLETE SPECIFICATION 



Antifriction Screw and Nut Assembly 



We, Textron Inc., a corporation organ- 
ised under the laws of the State of Rhode 
Island, United States of America, of 10 
Dorrance Street, Providence, Rhode Island, 

9 United States of America, do hereby declare 
the inventicHi, for which we pray that a patent 
may be granted to us, and the riiethod by 
which it is* to be performed, to be particu- 
larly described in and by the following state- 

10 ment:i — 

^ The present invention relates to low fric- 
tion screw and nut assemblies in which loads 
are transmitted between a screw and coact- 
ing nut by an endless procession of recircu- 

15 lating bearing elements. 

A screw and nut assembly according to 
the present invention comprises a screw hav- 
ing a helical groove; a nut closely encircling 
the screw, the nut having a helical groove 

20 complementing the adjacent portion of the 
screw groove to define therewith a first pas- 
sage of helical shape between the screw and 
nut for receiving load supporting bearing 
rollers, the screw groove having a first heli- 

25 cal surface which is generally straight when 
viewed in a transverse section of the first 
passage, the nut groove having a second heli- 
cal surface disposed in spaced and opposing 
relation to the first helical surface and being 

30 generally straight when viewed in a trans- 
verse section of the first passage, means on 
the nut defining a roller return passage exr 
tending betvreen and connected with oppo- 
site ends of -die first passage to form with the 

53 first passage an endless passage for bearing 
rollers; and endless procession of bearing rol- 
lers movably disposed lying adjacent to each 
other in the endless passage for circulation 
therethrough upon relative rotation of the 

40 nut and screw, all of the rollers in the first 
passage having, a conmion orientation where- 

IPrii 



by they all have rolling engagement with both 
the first and second hdic^ surfaces, the 
roller retiun passage having a shape in trans- 
verse section which in effect is rectangular to 
maintain the common orientation of the bear- 
ing rollers di^osed in and moving through 
it between opposite ends of the first passage, 
and having an effective twist therein . which 
enables the return passage to receive circu- 
lating rollers from either end of the first 
passage and discharge tiiem into the other 
end of the first passage in rolling engagement 
with both of the first and second hdiod sur- 
faces. 

Examples of screw and nut assemblies 
according to the present invention are illus- 
trated in. the accompanying drawings in 
which: — 

Figure 1 is a side view of a screw and 
nut assembly; 

Figure 2 is a plan view of the assembly 
of Figure 1 with certain parts sectioned to 
more clearly indicate the connection be- 
tween one end of ^e bearing roller return 
channel and a helical passage through the 
nut; 

Figure 3 is a bottom view of the assembly 
of Figure 1 with certain parts sectioned to 
more clearly show the connection between 
the other end of the bearing roller return 
channel and die helical passage through the 
nut; 

Figure 4 is an end view taken on the line 
4 — 4 of Figure 2; 

Figure 5 is a view similar to Figure 4 
with the bearing roller return channel partly 
broken away to illustrate bearing rollers at 
the Junction of the channel with one of the 
helical passage through tiie nut; 

Figure 6 is a fragmentary sectional view 
taken along the line 6 — 6 of Figure 4; 
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Figure 7 is a longitudinal sectional view 
taken along the line 7—7 of Figure 2; 

Figure 8 is a side view of a screw and 
nut assembly forming a modified embodi- 

5 ment of the invention, certain parts being 
partially broken away to show load bearing 
low friction rollers; 

Figure 9 is a perspective view of a length 
of hollow square stock firom which a bear- 

10 ing roller return channel is made; 

Figure 10 is a perspective view, illustrating 
a bearing roller return channel after comple- 
tion of the first step in its fabrication from 
a length of. square stock; 

15 Figure 11 is a perfective view illustrating 
the diannel after completion of a second 
step in its production; 

Figure 12 is a perspective view of the 
channel after completion of a third step in 

20 its production. 

Figure 13 is a greatly enlarged sectional 
view showing a typical bearing roller on load 
bearing engagement with the coactxng screw 
and nut; and 

25 Figiue 14 is a view similar to Figure 13 
but illustrating a typical roller slig^dy 
crowned to increase its load bearing cap- 
ability, the crowning of the roller being 
greatly exaggerated for darity in illustration. 

30 The low friction screw and nut assembly 
20 forming an embodiment of the invention 
shown in Figures 1 to_ 7, comprises an elon- 
gated screw 22 extending through a central 
axial hare 24 in a coacdng nut 26. 

35 Loads are transmitted between the screw 
22 and the nut 25 by means of an endless pro- 
cession of bearing rollers 28 which make very 
small the friction between the screw and nut 
when rotating relatively to each other under 

40 load, while at the same time permitting, to 
great advantage, a large axial load to be car- 
ried by a screw and nut assembly of a given 
size. Moreover, the assembly 20 is cap- 
able of high operating speed with great 

4!i efficiency under heavy loads. 

The screw 22 is machined to have a heli- 
cal groove 30, V-shaped in transverse sec- 
tion. The groove 30 is defined by two 
helical surfaces 32, 34 on tie screw 22. When 

50 viewed in a longitudinal axial section of the 
screw 22, Figinre 1, and in Figinre 13 the 
two helical surfaces 32, 34 defining the 
groove 30 are straight in transverse section 
and intersect at the bottom of the groove 

55 30 at a ninety degree angle. Each surface 
32, 34 is inclined at an an^e of approxi- 
mately forty-five degrees relative to die axis 
37 of the screw 22, The two helical sur- 
faces 32, 34 are equal in width and both 

60 make the same angle with reference to a line 
extending through the intersection of -die two 
surfaces 32, 34 perpendiculariy to the axis 
37. 

The nut 26 defines an internal h e lical 
65 groove 36 which opposes and complements 



the groove 30 in the screw 22 to define there- 
with a helical passage 38 extending through 
the nut 26 and being substantially square in 
transverse section, as can be seen in Figure 
7. The helical nut grooye 36 is V-shaped 70 
in* transver^ section and is defined by two 
helical surfaces 40, 42 which are straight as 
view in transverse section. The two sur- 
faces 40, 42 intersect each other at a right 
ang^e and are inclined at equal angles to 75 
the axis 37 of the screw 22, which axis is 
also the axis of the bore 24 in the nut 26. 

The helical passage 38 formed by the nut 
groove 36 and the screw groove 30 con- 
tains a succersion of closely adjacent bear- 80 
ing rollers 28 of the endless procession of 
bearing rollers previously mentioned. 

Each roller 28 is cylindrical and has roll- 
ing contact with one of the two groove de- 
fimng helical surfaces on the screw 22 and 85 
with one of the two groove defining helical 
sinfaces on the nut 26; successive bearing 
rollers 28 in the passage 38 have a similar 
orientation with reference to the passage 38. 
As shown in Figure 7, each roller 28 in the 90 
passage 38 has rolling contact with the screw 
groove surface 34 along the full length of the 
roller and has rolling contact with the sur- 
face 40 along the full length of the roller. 

A slight clearance 44 is provided between 95 
each end of each roller 28 and the adjacent 
structure by making the roller so that its 
length is slightly less than its diameter. The 
clearance 44 at opposite ends of each roller 
obviate binding of the roller so that it has 103 
free rolling contact with structure defining 
the passage in vrbich the roller is received. 
The fact that the rolling engagement of each 
roller 28 with each of the coacting screw 
and nut surfaces 34, 40 extends along the 105 
fidl length of the roller enables the roller 
to sustain a heavy load and transmit a cor- 
respondingly large force between the screw 
22 and nvt 26 without damage to the roller 
or to either of the helical surfaces 34, 40 110 
on which it rolls. 

Rotation of, the screw 22 and the nut 26 
relative to each other causes the rollers 28 
to move through the passage 38 between the 
screw and nut. Rollers 28 discharged from 115 
one end of the passage 38 are returned to the 
other end of the passage 38 by a roller return 
channel 46 having a construction which 
makes for economical manufacture of the . 
assembly 20 and vdjich contributes to eiBd- 120 
ent hig^ speed operational capabilities of the 
assembly in use. 

As can be seen in Figures 9 to 12, the 
roller return channel 46 is fashioned from 
a length of square tubing stock 48, see Fig- 125 
ure 9. The length of square stock 48 de- 
fines an internal passage 50 of square shape 
in transverse section which is slig^htly larger 
than the passage 38. 

From the length 48 of tubing stodi^ a 130 
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roUer return channel 46 of generally U-shape 
is fonned in three steps, as can be seen in 
Figures 10 to 12. The completed return 
channel 46 has two straight, substantially 

5 parallel legs 52, 54 projecting from a con- 
necting portion 56 of the channel. 

The first step in forming the channel 46 
from a length 48 of tubing consists in bend- 
ing one end portion of the tube length 48 

10 to lie at ninety degrees in relation to the 
remaining portion of the tube length 48 and 
so define the 1^ 54, a^ can be seen in Figure 
10. The approximately ninety d^ree bend 
58 has somewhat of a "lazy" sh^e in that 

^5 the crn^tin^ of the bend 58 progressively 
decreases away from the leg 54, as illus- 
trated in Figure 10. 

The second step consists of bending the 
opposite end portion of the tubing length 48 

20 to define the second leg 52 which is turned 
perpendicularly to the first leg 54 and gen- 
erally perpendicularly to the tube portion be- 
tween the legs 52 and 54 and designated for 
convenience by the number 56; this is best 

25 seen in Figure 11. 'The approximately 
ninety degree bend 60 which connects the leg 
.52 with the tube se^ent 56 also has a 
"lazy" shape, in that its curvature progres- 
sively decrease away from the leg 52. 

^ The third step in forming the return chan- 
nel 46 consists of rotating the two legs 52, 
54 into parallel relation to each other so as 
to form a ninety degree twist in the channel 
portion 56 between the legs 52, 54, as seen 

35 in Figure 12. Because of the previously des- 
cribed "lazy" shape of the two bends 58, 60, 
the portion 56 on the channel 46 is bowed 
away from the space intervening between tiie 
legs 52, 54, so tiiat the channel 46 fits more 

^ closely against the generally cylindrical nut 
26, as is indicated below. 

The two legs 52, 54 of the return chan- 
nel 46 thus formed are adapted to slide into 
two parallel channel notches 62, 64 cut into 

45 op^site ends of the nut 26. Each notch 
62, 64 has a generally V-shape in transverse 
section, as illustrated in Figure 6. 

The two channel notches 62, 64 are located 
on opposite sides of the axis 37 of the nut 

50 bore 24 and extend inwaids from the peri- 
phery of the nut 26 lying genei^ly panillel 
. to each other and tangentially aligned to ad- 
jacent portions of both the helical screw 
groove and the helical nut groove 36. Thus, 

55 die inner ends of the grooves 62, 64 are sub- 
stantially aligned tangentially with opposite 
ends of. the helical passage 38. 

The finished return channel 46 is mounted 
on the nut 26 so that opposite ends, of the 

60 passage 50 within the channel 46 register and 
communicate with opposite ends of the heli- 
cal, passage 38, wh^l^ the channel passage 
50 and the helical passage 38 together from 
an endless passage for the endless procession 

£5 of bearing rollers 28. 



The return channel 46 is moimted on the 
nut 26 by fitting the channel legs 52, 54 in 
the nut grooves 62, 64 and suitably securing 
the channel in place. As seen in Figures 
1 to 3, a hold-down strap 66 extending 70 
across the central portion of the channel sec- 
tion 56 and secured to the nut 26 serves efifec- 
tively in conjunction with the grooves 62, 64 
to hold the channel in place. 

Prior to mounting the channel 46 on the 75 
nut 26, the inner ends of the legs 52, 54 
are shaped so that upon assembly of the 
channel on the nut the inner edges of the 
legs 52, 54 terminate substantially flush with 
the screw and nut surfaces defining the pas- 80 
sage 38, as seen in Figures 2 to 5. 

The endlea passage for rollers extending 
through the nut 26 and through the channel 
46 is substantially filled with the endless pro- 
cession of rollers 28.. The roller return 85 
channel 46 not only accepts rollers from one 
end of the helical passage 38 and redelivers 
the rollers to the other end of the passage 
38, btit it also performs the necessary func- 
tion of reorienting these rollers for redelivery 90 
to the Jielical passage. 

It will be evident upon inspection of Fig- 
ure 7 that the axis of a roUer in one end 
of the helical passage 38 is turned approxi- 
mately ninety degrees with reference to the 95 
axis of a roller in the opposite end of the 
passage 38; the twist can be in either sense. 
As each roller 28 moves through the chan- 
nel 46 the axis of the. roller is turned through 
the necessary nineQr d^ree angje in moving 100 
through the twisted medial portion 56 of the 
channel, so that the desired reorientation of 
the roller is effected. The fact that the 
channel legs . 52, 54 remove rollers from the 
helical passage 38 and return rollers to the 105 
helical passage 38 in directions tangential 
to the helical passage 38. makes for t^fficient 
and smooth operation of the assembly, which . 
is made posdble by the progressive reorienta- 
tion of the rollers in moving through the 110 
twisted channel segment 56. 

The fact that ilie successive rollers 28 turn 
in the same direction because of a siniilar 
orientation in the helical passage 38 wtddh 
serves to advantage in making posable a 115 
high operating speed capacity for &e assem- 
bly. 

It will be appreciated diat the screw 22 
and the nut 26 may be connected with a co- 
acting structure (not shown) in any suitable 120 
manner depending upon the nature of the 
application in wfich the assembly Is used; 
a suitable connecting structure can be in- 
tegrally formed on the nut 26. 

Since all of the bearing roHm 28 roll on 125 
the helical screw surface 34 and the helical 
nut surface 40 shown in the assembly of 
Figures 1 to 7, the assembly is capable of 
providing its powerful low friction thrust 
load sustaining capabilities in only one direc- 130 
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tion. As seen in Figure 7, tiic rollers 28 
provide the powerful, substantially fricdon- 
less load sustaining capacity for which the 
assembly is designed when a thrust load 
f acts on the screw 22 to urge the screw to the 
left relatively to the nut 26. A thrust load 
on the screw 22 tending to urge the screw 
to the right relative to the nut 26, as seen 
in Figure 7, tends to cause the ends of the 
10 rollers 28 to abut against the helical screw 
surface 32 and the helical nut _ surface 42. 
The assembly wili readpy sustain this type 
of axial load without damage, but does not 
do so in an almost fdcdonless manner, as the 
15 rollers vfhtn subjected to loads in this direc- 
tion tend to slide on the nut and screw upon 
rotation of the screw relative to the nut. 
The mocMed screw and nut assembly illus- 
trated m Figure 8 is designed to operate in 
20 a smooth running manner in two directions 
and includes two nuts mounted in tandem on 
the single screw. Component elements of 
the assembly shown in Figure 8 which are 
similar to those of the assembly 20 just dcs- 
25 cribed are identified with the same reference 
numbers with the addition of the sufBs "a". 
The two nuts 26a mounted in tandem in 
the assembly 2Qa are connected togedier to 
operate as a single element and are prefer- 
30 ably connected in a manner which eliminates 
ba(±-lash or axial play of the two sots on 
the screw 22a. 

As seen, flanges 70, 72 formed on adja- 
cent ends of the two nuts 26a are coimected 
15 together by an annular series of bolts 74 
which serve to hold the two nuts 26a against 
rotation relativdiy to each other, whilst pro- 
viding a means for moving the nut^ axiaHy 
relatively to each other to draw the two 
40 flanges 70, 72 against a spacer 76 formed 
in 'Ms instance by a flat annular washer. 

The rollers 28a in the two nuts 26a are 
differently oriented so that the left nut 26a 
in Figure 8 is capable of sustaining thrust 
45 loads of the screw 22a acting to the left as 
viewed in Figure 8, and the right-hand nut 
26a is capable of sustaining thrust loads of 
the screw acting to the right as viewed in 
Figure 8. For this purpose, the rollers 
50 28a in the left nut 26a arc turned to roll on 
the screw surface 34a and on the opposing 
nut surface 40a. The rolfcrs 28a in the 
right-hand nut 26a are turned to roll on the 
screw surface 32a and on the oj^osing nut 
55 surface 42a. 

Axial movement of the two nuts 26a by 
the bolts 74 while the nuts are held agaiist 
relative rotation preloads tibe rollers 28a in 
both nuts so as to eliminate any axial play 
60 of the two nuts on the screw 22aL The 
degree of preloading is determined by ^ a 
number of pfrTsical relationships, including 
the thickness of die annular washer 76. The 
preloading can be increased by reducing the 
65 thickness of the washer 76. Alternatively, Ae 



annular washer 76 may be replaced by a suit- 
able annular , compression spring) si Kfa jffl a 
Belleville spring. Use of a compression 
spring in pkce of the washer 76 permits an 
increase in the preloading of the nuts 26a 70 
by simple tightening of the bolts, 74. Ex- 
ternal loads may be applied to the assembly 
20a by any suitable connecting structure, 

As previously indicated, the bearing rol- 
lers 28 used in the assembly 20 of Figures 75 
1 to 7 are cylindrical. A typical roller is 
illustrated hi Figure 13. Similar cylindri- 
cal rollers are used in the assembly 20a of 
Figure 8. If excq)tionaily hi^ axial loads 
are to be carried, the load carrying capacity 80 
of the assembly 20, or the assembly 20a, can 
be increased by sulwtiturion in place of die 
straight cylindrical bearing rollers, bdaring 
rollers which are slightly crowned. Sligjrtly 
crowned rollers are illustrated in Figure 14 85 
in^hich components similar to those appear- 
ing in Figure 13 are identified whh the same 
reference numbers with the addition of the 
si^Bfix *^". The crowning of the rollers 
2Sb fflustrated in Figure 14 is greatly ex- 90 
aggerated in the drawings for the purpose of 
illustration. The rolling surface 80 of eadi 
roller 2Sb has a convex curvature, as viewed 
from one side of the roHcr, this curvature or 
"crown** having a radius of the order of 95 
twenty to thirty feet. 

WHAT WE CLAIM IS: — 

1. A screw and nut assembly comprising a 
screw having a helical groove; a nut closely 
encircling the screw, the nut having a helical 100 
groove complementing the adjacent porti on 
of the screw groove to define therewith a 
first passage of helical shape between the 
screw and nut for receiving load supporting 
bearing rollers, the screw groove having a 105 
first hdicai surface which is generaUy straight 
when viewed in a traiisverse section of the 
first passage, the nut groove having a sec- 
ond helical siuface disposed in spaced and 
opposing relation to the first helical surface 110 
and being generally straight when viewed in 
a transverse section of the first passage^ 
means on the nut defining a roller return pas- 
sage extending between and connected with 
opposite ends of the first passage to form 115 
with the first passage an endless passage for 
bearing rollers; an endless procession of 
bearing roUers movably disposed lying ad- 
iacent to each other in the endless passage 
for circulation therethrougih t^Km relative 120 
rotation of the nut and screw, all of the 
rollers in the first passage having a ccHnmon 
orientation whereby they all have rolling eii- 
gagement with both the first and second heli- 
cal surfaceSs the roller return passage hay- 125 
ing a shape in transverse section which in 
effect is rectangular to maintain the com- 
mon orientation of the bearing rolle rs di s- 
posed in and moving through it between 
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opposite ends of the first passage,, and having 
an effective twist therein which enables the 
return passage to receive circulating rollers 
from either end of the first passage and dis- 
charge them into the other end of the first 
passage in rolling engagement with both of 
the first and second helical surfaces. 

2. A screw and nut assembly according to 
claim 1 in which the roller retimi passage 
has two generally parallel end portions that 
connect opposite ends of the first passage 
and lie generally tangential by to the ends of 
the first and second helical surfaces, the end 
portions of the roller return passage bdng 
connected by an intervening portion of the 
rolleiJ return passage having a substantial 
twist therein. 

3. A screw and nut assembly according to 
claim 1 or claim 2 in which the roller return 
passage is formed by a roller, return channel 
having a generally fj-shape, and having two 
generally parallel end portions connecteid by 
a twisted portion of the channel being fined 
onto the nut to connect opposite ends of the 
first passage and lying generally tangentially 
to the ends of the first and second helical 
surfaces. 

4. A screw and nut assembly according to 
claim 3 in which the exterior of die xoller 
return channel is rectangular in transverse 
section, and the end portions of the channel 
fit into V-shaped notches formed in oppo- 
site ends of the nut. 

5. A screw and nut assembly according to 
any of claims I to 4 in which a second nut 
encircles the screw and defines a helical 
groove complementary to the adjacent por- 
tion of the screw groove to define therewith 
a second passage having a helical shape and 
lying between die second nut and the screw 
for receiving load supporting bearing roUers, 
the screw groove being generally V-sHaped in 
transverse section and defining a third heli- 
cal surface which is generally perpendicular 
to the first surface, the groove of the second 
nut defining a fourth helical surface disposed 
in spaced opposing relationship to the third 
helical surface, the third and fourth surfaces 
each being generally straight when viewed in 
a transverse section of the second helical 
passage, there being means on the second nut 
defining a second roller return passage ex- 
tending between and connected with oppo- 
site ends of the second helical passage to form 
with the second helical passage a second end- 
less passa^ for bearing rollers, a second end- 
less procession of bearing rollers movably dis- 
posed, and. lying adjacent to each other in 



the second endless pas^ge for circulation 
therethrough, all of the baring rollers in the 
second helical passage having a common ori- 
entation whereby the rollers in the second 
helical passage all have rolling engagement 
with both the third and fourth helical sur- 
faces, the second roller return passage being 
shaped and positioned to receive circulating 
rollers from either end of the second helical 
passage and discharge rollers into the other 
end of the second helical passage in rolling 
engagement with both the third and fourth 
helical surfaces, and means connecting the 
two nuts together for their movement in luii- 
son with respea to the screw. 

6. A screw and nut assembly according to 
claim 5 in which the means connecting the 
two nuts together includes means for adjust- 
ing the positions of the two nuts in relation 
to each other to provide optimum engage- 
ment of the rollers with their coacting sur- 
faces. 

7. The method of making the screw and 
nut assembly of claim 3 comprising, pro- 
viding a screw which has a helical groove 
therein, providing a nut having therein an 
internal helical groove shaped to complement 
the screw groove; providing a length of hol- 
low tubing which has a rectangle shape in 
transverse section; forming a first bend in 
the tubing length to turn one end portion of 
the tubing length to lie at a substantially 
right angle to the other end portion of the 
tubing length, forming a second bend in the 
tubing length to turn the other end portion 
of the tubing to lie substantially at a right 
angle to the one end portion and at a sub- 
stantially right angle to the pordon of the 
tubing length lying between the end portions 
thereof, twisting the portion of the tubing 
length lying between the end portions to 
bring the end portions thereof to lie generally 
parallel to each other; placing the screw in 
the nut; filling the tubing length and the nut 
groove with bearing rollers having a com- 
mon orientation, and mounting 1& tubing 
length on the nut so that the two ends of 
the tubing length connect with opposite ends 
of the nut groove. 

8. A screw and nut assembly as claimed in 
daim 1 and substantially as described witii 
reference to the accompanying drawings. 



For the Applicants : — 
dILL, JENNINGS & EVERY, 
Chartered Patent Agents, 
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